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V "' Impact of rice based oral rehydration solution on stool output and duration of diarrhoea: meta-analysis of 13 clinical trials// Sheila M&ore, Olivier1Iontaine, Nathaniel Peerce Abstract cholera diarrhoea and should be more precisely Objective-To define the benefit of rice oral defined before its practical value can be judged. rehydration salts solution in relation to the glucose based World Health Organisation oral rehydration salts solution for treating and preventing dehydration Introduction in patients with severe dehydrating diarrhoea.
Oral rehydration therapy with the glucose and Design-Meta-analysis using data from 13 avail-electrolyte solution recommended by the World Health able randomised trials that compared these two Organisation and Unicef is the preferred method for formulations.
treating children with dehydration due to diarrhoea, Subjects-The studies compared 1367 patients provided that they are able to drink and do not have with cholera, severe cholera-like diarrhoea, or acute signs of shock.' Although the solution is both safe non-cholera diarrhoea. 668 received the standard and effective (D Mahalanabis, unpublished WHO WHO solution and 699 the rice based solution. document), it has important limitations: it neither Intervention-Each trial report was reviewed to reduces the rate of stool loss nor shortens the duration determine patient eligibility, the number of patients of illness.>5 Mothers often do not understand the (\ledical Research Council>) who were randomised and the number of these relation between diarrhoea and dehydration, and their Biostatistics Unit, excluded from analysis, details of the randomisation primary concern, shared by many health workers, is to Cambridgeh procedure, and the precise timing of the outcome see the diarrhoea stop. This probably accounts for Gore, P'HD, medical measurements. the continuing widespread use of ineffective "antistatistician
Main outcome measures -Stool output during the diarrhoeal" drugs and antibiotics to treat diarrhoea World Health first 24 hours; weighted estimates of the difference in instead of, or in addition to, oral rehydration salts Organisation, Diarrhoeal mean stool output between treatments. solution (WHO diarrhoeal diseases control proDisease Control Results-The rice solution significantly reduced gramme, seventh programme report, 1990 
Exclusion from analysis
Pragmatic analysis according to intention to treat requires that all randomised patients continue to be monitored and that their data be included in the analysis. Nevertheless, in seven trials (Guiraldes et al)6 I9 13-1S 1-15% of randomised patients were excluded from the analysis (table I), either because they were considered to be "treatment failures" (usually because additional intravenous treatment was required) or because they had been randomised in error. In two trials that used a permuted block'°or factorial design (Alam et al) it seems that some patients were randomised but not reported on, as the numbers specified in the different treatment groups differed appreciably. The reasons for these differences were not stated.
Analysis and internal consistency ofoutcome data
Whereas all studies reported stool output and oral rehydration salts solution intake during the first 24 hours, few reported total stool output until diarrhoea stopped, and only seven studies reported the duration of diarrhoea. Our analysis therefore focused largely on stool output during the first 24 hours. The following results for the first 24 hours are reported: mean (standard deviation) stool output (in g or ml/kg body weight) for patients randomised to WHO oral rehydration salts solution; the ratio of mean stool output to its standard deviation; the ratio of mean stool output to mean intake of WHO oral rehydration salts solution; and the mean reduction in stool output (in g or ml/kg) for patients given rice oral rehydration salts solution compared with those given WHO oral rehydration salts solution, and the variance of that value. Tables II, III , and IV show the mean (SD) stool output (in g or ml/kg) during the first 24 hours for patients in each study who were randomised to receive WHO oral rehydration salts solution. Whether the data were for adults with cholera or with cholera-like diarrhoea (severe dehydrating diarrhoea, clinically resembling that associated with cholera but from which Vibrio cholerae 01 was not isolated) (table II) , children with cholera or cholera-like diarrhoea (table  III) , or children with only acute non-cholera diarrhoea (table IV), the ratios of mean to standard deviation for stool output were roughly constant, averaging 1 6 and ranging (with one exception) from 1-2 to 2 5. This regularity indicates the need for logarithmic transformation; however, no study reported logarithmically transformed data or performed calculations on that scale. This finding also provides a criterion for judging the internal consistency of key outcome data. By this BMJ VOLUME 304 1 FEBRUARY 1992 _^2 criterion one trial seems to be atypical with a ratio of 3.3,14 twice the mean value reported in other studies.
Even more extreme was the ratio of 10 from the data reported in another study.'5 We suspected confusion between standard error and standard deviation in this study, and therefore table IV shows what we believe to be the correct standard deviation for this trial, a value similar to those in the other studies. Tables II, III , and IV also show a second measure by which to assess the internal consistency of trial datanamely, the ratio of mean stool output to mean intake of WHO oral rehydration solution. Mean stool output averages about two thirds of mean oral rehydration salts solution intake. By this criterion one trial seems to be atypical,'0 the mean stool output being almost 50% greater than the mean intake of oral rehydration salts solution (table III) . In the analyses that follow, two studies'0 4 have been excluded (that is, zero weighted) for the reasons mentioned above.
SUBSTANTIVE RESULTS
The results of the analysis of stool output and intake of oral rehydration salts solutions during the first 24 hours have been grouped into three sets according to the patient's age and aetiology of diarrhoea, as shown in tables II, III, and IV. For the duration of diarrhoea all data have been combined, but comparisons in patients with suspected cholera who received tetracycline before diarrhoea stopped have been zero weighted (table V) .
Adults with cholera or cholera-like diarrhoea- Table II shows the weights assigned to each of the five comparisons in this set. By using these weights the estimated mean stool output for patients given WHO oral rehydration salts solution was 170 ml/kg. For patients given rice oral rehydration salts solution this was reduced by a mean of 58 ml/kg (36%, 95% confidence interval 28 to 44%).
Children with cholera or cholera-like diarrhoea- Table  III shows the weights assigned to each of the five comparisons in this set. One study'5 was zero weighted for reasons described above. With those weights the estimated mean stool output for patients given the WHO oral solution was 178 ml/kg. For patients given the rice solution this was reduced by a mean of48 ml/kg (32%, 19% to 45%).
Children with non-cholera diarrhoea -In this set of six comparisons, one study'4 was zero weighted for reasons described above (table IV) . By using the weights calculated for the other five comparisons the estimated mean stool output for patients given the WHO solution was 107 ml/kg. For patients given the rice solution this was reduced by a mean of 18 ml/kg (18%; 6% to 30%). It is noteworthy that the estimated mean percentage reduction in stool output associated with the rice solution in the zero weighted study is outside the 95% confidence interval derived from the other five studies.
Overall reduction in stool output-The figure presents the percentage reduction in mean stool output (with Percentage reduction in stool output Mean percentage reduction in 24 hour stool output in individual studies of adults and children with cholera or cholera-like diarrhoea and children with non-cholera diarrhoea given rice oral rehydration salts solution. Pooled (weighted) estimates ofpercentage reduction in mean stool output (95% confidence interval) for each group of studies are shown in shaded box 95% confidence intervals) for patients treated with the rice solution in each of the comparisons considered in this overview, as well as the pooled (weighted) estimates of the percentage reduction in mean stool output for patients with cholera (adults and children) and without cholera (details of these calculations are not shown). The effect of the rice solution on stool output was significantly less in children with non-cholera diarrhoea than in children and adults with cholera or cholera-like diarrhoea (95% confidence interval 3% to 31% for the difference in percentage reduction in stool output in patients with cholera or cholera-like diarrhoea v patients with non-cholera diarrhoea).
Duration of diarrhoea-Data from six comparisons, including both adults and children with cholera (who had not received tetracycline before diarrhoea stopped) and acute non-cholera diarrhoea were considered for this analysis (table V) . The estimated mean duration in patients given the WHO oral rehydration solution was 68 hours. For those given the rice solution the duration was reduced by a mean of eight hours (12%; 5% to 19%). The 95% confidence interval excludes zero, indicating a modest but significant reduction in the duration of diarrhoea.
Discussion
Irrespective of their age, patients with cholera who were given rice oral rehydration salts solution had substantiall lower rates of stool loss than those who were given WHO oral rehydration salts solution. Stool volume was reduced by a mean of 48-58 ml/kg during the first 24 hours of treatment, which was 32-36% less output than for patients given the WHO solution. This presumably reflects the fact that a greater amount of glucose (and amino acids) is released when rice powder is fully digested than is present in the WHO solution. Assuming that glucose facilitated absorption of sodium proceeds on an equimolar basis, 50-80 g/l of rice powder would release sufficient glucose and amino acids to promote the absorption of all the sodium (and water) 
